A case of a small right coronary conal branch to pulmonary trunk shunt with surgical correction is reported. The patient, a 45-year-old housewife, had chest pain, labile hypertension, and intermittent left bundle-branch block with normal serum cholesterol and triglyceride levels. After discharge the electrocardiogram changed to normal intraventricular conduction but was suggestive of left ventricular hypertrophy. During a two-step exercise test left bundle-branch block reappeared transiently and was accompanied by chest pain and dyspnea. Because of increasing symptoms she was referred to the University of Minnesota Hospitals. The patient related that she was unable to perform her household duties because of chest pain.
CORONARY arteriovenous fistulas are relatively uncommon and therefore account for few cases of myocardial ischemia in adults. ' Anomalous communications between the conus artery and the pulmonary trunk are even more unusual. When such a shunt is small, it may be overlooked clinically or at necropsy. That such an apparently insignificant shunt might bring about major manifestations of myocardial ischemia is of significant interest.
Case Report A 45-year-old housewife was hospitalized in From After discharge the electrocardiogram changed to normal intraventricular conduction but was suggestive of left ventricular hypertrophy. During a two-step exercise test left bundle-branch block reappeared transiently and was accompanied by chest pain and dyspnea. Because of increasing symptoms she was referred to the University of Minnesota Hospitals. The patient related that she was unable to perform her household duties because of chest pain.
She gave a 9-year history of labile hypertension. She stated that her menses were normal and regular. There was no known history of premature cardiovascular disease in the family although her mother also has hypertension. Physical examination revealed a slender white female. The blood pressure was 150/90, and the pulse was 82 and regular. The retinal vessels appeared normal. The neck veins were not distended, and the heart was normal in size. A grade II/VI early systolic murmur was audible at the left sternal border.
Laboratory data included a normal hemoglobin, white blood cell count and differential. A urine CORONARY ARTERY TO PULMONARY TRUNK SHUNT culture grew Escherichia coli in significant numbers and then became sterile after treatment with tetracycline. Urinalysis, blood urea nitrogen, serum creatinine, LDH, blood glucose, and electrolytes were normal. Serum cholesterol was 124 mg%. The serum triglycerides were 108 mg%. The chest x-ray and cardiac fluoroscopy were normal. The electrocardiogram showed nonspecific ST-T changes ( fig. 1 February 1968 oratory studies may also be noncontributory as evidenced in this case by normal serum cholesterol, serum triglycerides, and myocardial enzymes. Because of its small size, the left-to-right shunt may be readily missed at routine heart catheterization. Aortic root arteriography probably would not lead to adequate visualization of such a small vessel because of inadequate filling of the coronary arteries. Lack of awareness of the condition combined with its small size may lead to its being completely overlooked at necropsy.
Normally about 4 to 6% of the cardiac output is diverted to the coronary arterial system.4 We do not know the actual blood flow through this anastomosis or how much the remaining vascular bed was compromised in this patient. The fact that the shunt was small, however, was documented by cardiac catheterization, by coronary arteriography, and by direct visualization of the small vessel at the time of surgery. That such a small shunt could produce such dramatic symptoms is provocative. One may only speculate that oxygenated blood was intermittently diverted away from a portion of myocardium and from the left bundle branch. Studies by James5' 6 have shown that the right coronary arterywhen preponderant-does supply the proximal few millimeters of the left bundle by terminal branches of the A-V node artery.
In the case reported, postoperative exercise caused a transient reappearance of left bundle-branch block. Furthermore, subjective relief of anginal pain following operation cannot be considered proof of the importance of the shunt. The possibility of "small vessel disease" always exists among hypertensive patients. When small vessel disease does exist, a small shunt might have a more significant and deleterious hemodynamic effect than in the normal coronary vascular bed. It is possible that pathological changes in the conduction system had become fixed or that disease in the coronary vessels was present but unrecognized.
In approximately half of the specimens examined by James5 6 and Schlesinger and associates,7 the conus artery was a direct branch of the aorta; in these cases the conius artery ostium was located usually near the ostium of the RCA. In the remainder of the specimens the conus artery was the first ventricular branch of the RCA (conal branch of RCA). Regardless of the origin, the conus artery normally supplied the conus arteriosus and, in addition, anastomosed with a branch of the left coronary artery to form Vieussens' ring. 8 We were unable to visualize this ring by selective coronary arteriography. It is possible that, in early development of the heart, anastomosis occurred between the conal branch of the RCA and an accessory coronary artery arising from the pulmonary trunk.
A review of the literature failed to reveal a case of an extensively studied and surgically corrected conal artery to pulmonary trunk shunt. In most reported cases, the anomalous coronary artery is found to enter one of the four cardiac chambers, the pulmonary trunk,1' 7or the bronchial circulation.9 The vessel is usually enlarged and elongated, with focal saccular aneurysms. An increase in oxygen saturation in the chamber receiving the anomalous vessel has been reported.' In 1958, Edwards and associates'0 described at necropsy the communication of a branch of the right coronary artery with the right atrium.
In 1960, Amplatz and associates"-demonstrated by aortography a left coronary artery to main pulmonary artery fistula. In 1961, Neufeld and associates' summarized six cases of "coronary artery fistula" diagnosed at the University of Minnesota Hospitals; two of the six had anomalous right coronary arteries that terminated in the right atrium and right ventricle. These authors described six previously studied cases in the literature with anomalous termination of the RCA into the pulmonary trunk. In four of the six cases reported by Neufeld, there was an increase in oxygen saturation in the cardiac chamber in which the anomalous vessel terminated. In no case reported is there a description of a communication between an aberrant artery between the pulmonary trunk and the conal branch of the RCA demonstrated by arteriography.
Conclusion
It is difficult to be certain that the patient's symptoms were related to the small shunt demonstrated by arteriography and at surgery. Relief of chest pain postoperatively is common even in patients who have had sham operations for coronary artery disease. The left bundle-branch block could well be due to undiagnosed small vessel disease or secondary to systemic hypertension. It is possible that a specific portion of cardiac tissue was intermittently "robbed" of oxygenated blood that was diverted to the pulmonary circulation.
The risk of surgical correction of the shunt described is that of thoracotomy alone. When the shunt is larger and leads to cardiac failure the hazard is, of course, greater. The relief of myocardial ischemia by a corrective operation warrants such a risk.
